Fuels derived from biomass are mostly preferred as alternative fuels for IC engines as they are abundantly available and renewable in nature. The objective of the study is to identify the parameters that influence gross indicated fuel conversion efficiency and how they are affected by the use of biodiesel relative to petroleum diesel. Important physicochemical properties of palm kernel oil and eucalyptus blend were experimentally evaluated and found within acceptable limits of relevant standards. As most of vegetable oils are edible, growing concern for trying nonedible and waste fats as alternative to petrodiesel has emerged. In present study diesel fuel is completely replaced by biofuels, namely, methyl ester of palm kernel oil and eucalyptus oil in various blends. Different blends of palm kernel oil and eucalyptus oil are prepared on volume basis and used as operating fuel in single cylinder 4-stroke variable compression ratio diesel engine. Performance and emission characteristics of these blends are studied by varying the compression ratio. In the present experiment methyl ester extracted from palm kernel oil is considered as ignition improver and eucalyptus oil is considered as the fuel. The blends taken are PKE05 (palm kernel oil 95 + eucalyptus 05), PKE10 (palm kernel oil 90 + eucalyptus 10), and PKE15 (palm kernel 85 + eucalyptus 15). The results obtained by operating with these fuels are compared with results of pure diesel; finally the most preferable combination and the preferred compression ratio are identified.
Introduction
Continuous rise in fuel price, increase in number of vehicles on road, depletion of petroleum resources, and rapid increase in greenhouse gases are the main reasons for the search of alternative fuels. Up till now many alternative fuels are identified from different resources like vegetables, plants, animal fat, and so forth; these are successfully tested over engine with slight modifications in engine or without any modifications. Alternative fuels are typically produced through the reaction of a vegetable oil or animal fat with alcohol in the presence of the catalyst to produce their esters [1] . These are ecofriendly since these are extracted from plants and animals have the advantage of being biodegradable, less polluting, and renewable [2] . With environmental laws becoming more and more stringent these days, fortunately this renewable source of energy will help to protect the world from the effects of pollution, such as global warming and acid rain [3] . In general, oils extracted from plants are classified into two categories. They are triglyceride oils (TG oils) and terpene oils (light oils). In present study triglyceride oils are used. Triglyceride oils are extracted from plant seeds but eucalyptus oil is taken from the leaves and young twigs of plant. Present study involves two triglyceride oils, namely, eucalyptus oil and methyl ester of palm kernel oil. Eucalyptus oil is prepared from leaves and young twigs of plant, whereas palm kernel oil is prepared from palm kernel. Eucalyptus oil alone cannot replace diesel in diesel engine since the cetane number of eucalyptus oil is insufficient to ignite; but the blended form of eucalyptus oil and methyl ester of palm kernel oil can replace diesel to a maximum extent since the properties of blends are nearer to the properties of diesel fuel. These blends can be used over diesel engine without any further modifications. In the present work performance, emission, 2 Journal of Combustion and combustion characteristics of these biofuel blends are examined over a 4-stroke direct injection diesel engine by varying the compression ratio.
Energy Scenario
Energy and agriculture are always on the same path, but unfortunately the relation between these has been changing over the time period. Agriculture is the main source of energy and energy is the main input for agriculture production. Until the nineteenth century, animals provided almost all the horse power used for transport and farm equipment and in many parts of the world they still do. Agriculture produces the fuel to feed these animals; two centuries ago, around 20 percent of the agricultural area in the United States of America was used to feed draught animals. At the same time relation over input market increased as agriculture became more dependent on chemical fertilizers extracted from fossils and machinery operated over diesel. Processing and distribution involve higher energy costs, therefore implying a direct and strong impact on agricultural production costs and food costs. The recent advances and researches over biofuels depending on agricultural crops which are used as transport fuels involve the relation between agriculture and energy output markets. The world's total primary energy demand amounts to about 11400 million tons of oil equivalent (Mtoe) per year (IEA, 2012); biomass including forest and agricultural products and organic wastes and residues accounts for 10 percent of this total.
Specification for Biodiesel
Specifications and standards are the major important parameters for any biodiesel producers, suppliers, and users of biodiesel. Standards are required for the evaluation of safety, risks, environmental problems approval, and warranty of vehicles. Creation of standards shall help expand the market for renewable sources of energy in the world. Generally, standards and codes are developed by examining the existing standards and codes in different countries and then writing standards for the own country. In December 2001, American society of testing and materials (ASTM) issued a specification (D6751) for biodiesel (B100) which is presented in Table 1 and corresponding properties of experimental blends are shown in Tables 2 and 3 and also test rig specifications are depicted in Table 4 . The physical and chemical properties of the test fuels were determined earlier in accordance with the ASTM standards [4] .
Experimental Setup
A single cylinder, four-stroke, constant speed, variable compression ratio, water cooled, direct injection diesel engine is used for the present study. The loading is by means of Eddy current dynamometer. Water cooling system and various sensors and instruments integrated with computer data acquisition. A five-gas analyzer is used to obtain the exhaust gas concentrations in exhaust. Setup enables the evaluation of performance emissions constituents. Performance parameters include brake thermal efficiency, indicated thermal efficiency, mechanical efficiency, brake specific fuel consumption, and exhaust gas temperature.
Results and Discussion

Engine Performance Analysis.
The performance of an engine is mainly studied with the help of the operating conditions. The characteristics obtained by operating the single cylinder diesel engine with the blends of palm kernel oil and eucalyptus oil are discussed below. The obtained results were compared with the results obtained when operating with diesel, palm kernel + diesel mixture, and eucalyptus oil + diesel mixture at various compression ratios. Figures 1-21 are used to study various characteristics of engine like brake thermal efficiency, mechanical efficiency, engine outlet temperature, and so forth. Comparison of performance was done for different values of compression ratio [5] .
Brake Thermal Efficiency (
As shown in the graphs (Figures 1, 2 , and 3), at all compression ratios, the brake thermal efficiency of diesel is higher than the remaining blends, but at the full load at the same compression ratio the efficiency is nearer to the efficiency obtained by remaining blends.
Next to diesel PKE15 (palm kernel 85 + eucalyptus 15) is higher. This is mainly due to the presence of high volatile eucalyptus oil in the blend used. Eucalyptus oil mainly consists of cineole. Cineole decomposes easily at low temperature; it releases intermediate compounds in a heavy manner as soon as the fuel is injected. The reduced viscosity leads to improved atomization, fuel vaporization, and combustion. Eucalyptus oil's presence increases the ignition delay period and it causes the heavy accumulation of fuel which results in large heat release and higher brake thermal efficiency and high cylinder pressure.
Mechanical Efficiency ( ).
As shown in the graphs (Figures 4, 5 , and 6), the mechanical efficiency of diesel is very high at compression ratio 14 when compared to the remaining experimental blends at all loads. At compression ratios 16.5 : 1 and 19 : 1 the mechanical efficiency is equal for all the experimental fuels and diesel at all the loads. Comparatively, at compression ratio 19 : 1 CR, full load efficiency for PKE15 is higher than remaining experimental blends. Mechanical efficiency is the result of both brake thermal efficiency and indicated thermal efficiency. The brake thermal efficiency and indicated thermal efficiency of diesel are higher than remaining blends. Next to the diesel PKE15 blend is having higher efficiency. Mechanical efficiency of diesel and the experimental blends are almost equal with a slight variation. (Figures 7, 8 , and 9) the exhaust temperature of diesel is lower than the remaining experimental blends. This is mainly due to the presence of eucalyptus oil in the blends which has lower cetane number and high percentage of oxygen which leads to longer ignition delay and rapid combustion which results in higher temperature and high cylinder pressure. Next to diesel PKE05 is having lower exhaust temperature at all the compression ratios. It has lower temperature compared to remaining blends since the quantity of eucalyptus oil present in this blend is smaller than remaining blends.
Exhaust Gas Temperature. As shown in the graphs
Emission Analysis.
From these reports, the effects of biofuel on regulated emissions were studied [6] . (Figures 10, 11 , and 12) the hydrocarbon emissions of diesel are higher than all the experimental blends. At all compression ratios and different loads diesel is having the high emission of hydrocarbons. In our present experimental blends PKE05 is having higher HC emissions. HC emissions for biofuels are low because of the complete combustion of the fuel because of more availability of oxygen in biodiesel. As the ignition period increases due to the lower cetane number, at some areas of the combustion chamber the mixture becomes too lean which leads to the lower HC emissions.
Hydrocarbon (HC) Emissions. As shown in the graphs
Carbon Dioxide (CO 2 ) Emissions.
As shown in the graphs (Figures 13, 14 , and 15) the carbon dioxide emissions of all the experimental fuels are higher when compared to diesel. This is mainly because of the oxygen enrichment in the eucalyptus oil and addition of palm kernel oil leads to the oxidation of CO produced during the exhaust process. Rather, diesel PKE05 is having lesser emissions in the present experimental fuels. (Figures 16, 17 , and 18) nitrous oxide emissions of diesel are lesser when compared to experimental fuels. This is mainly because of the heavy existence of oxygen in palm kernel oil and further more existence of oxygen in eucalyptus oil and elevated temperatures derived because of complete combustion. NO is recorded higher than diesel fuel due to high oxygen content in biodiesel and lower cetane number (CN) of eucalyptus oil, also lengthening the ignition delay period [7] . (Figures 19, 20 , and 21) sulphur oxide emission of diesel is high at all compression ratios at all the loads. In our experimental fuels PKE05 is having higher emissions and PKE15 is having lower emissions.
Oxides of Nitrogen Emissions. As shown in the graphs
Oxides of Sulphur Emissions. As shown in the graphs
Conclusion
The effective compression ratio can be fixed based on the experimental results obtained in the engine since the findings of the present research work infer that the biofuel obtained from palm kernel oil and eucalyptus oil blend is a promising alternative fuel for four-stroke VCR engine [8] . 
Performance Analysis
(1) Brake thermal efficiency of all the considered blends at all the compression ratios for minimum loads is equal; as the load increases efficiency increases and diesel has higher efficiency compared to remaining blends. Compared to remaining compression ratios, at CR 16.5 : 1, maximum efficiency is obtained but as the load approaches full load the efficiency gradually decreases.
(2) Mechanical efficiency is higher at compression ratio 14 : 1 when compared with remaining compression ratios. At CR 14 : 1 the efficiency of diesel is higher but at remaining compression ratios with minute variations PKE15 (palm kernel 85 + eucalyptus 15) it has higher mechanical efficiency when compared to diesel.
(3) Exhaust gas temperature of diesel is lower than all the considered experimental fuels. Comparatively next to diesel PKE05 has lower exhaust gas temperature.
Emission Analysis
(1) HC emissions are high for PKE05 compared to the remaining experimental blends. By looking at overall results, at compression ratio 14 : 1, HC emissions are high for all the blends. Compared to all the considered blends, PKE15 emits lower HC emissions than diesel at all the compression ratios.
(2) Carbon dioxide emissions are higher at compression ratio 19 : 1 for all the considered blends. As the compression ratio increases CO 2 emissions increase. At Cr 14 : 1 lower CO 2 emissions are observed. As the load increases the emission increases. PKE15 has higher emissions compared to all the considered fuels.
(3) At minimum loads the oxygen emissions are high; as the load increases oxygen emissions decrease. Oxygen emitted by PKE10 (palm kernel 90 + eucalyptus 10) is almost equal to the oxygen content emitted by diesel at all the loads for all the compression ratios. PKE15 emits the least oxygen emissions.
(4) As the compression ratio increases the emissions increase. Diesel emits higher SO emissions when compared to the considered experimental blends.
(5) As the compression ratio increases NO emissions increase. At CR 19 : 1 NO emissions are higher; as the load increases NO emissions increase. For PKE15 (palm kernel 85 + eucalyptus 15) NO is higher than remaining experimental fuels.
The results proved that the blending of palm kernel oil with eucalyptus oil can be used as an alternative fuel in diesel engine by complete elimination of diesel. The emissions and performance are of considerable range for all blends especially for PKE15 blend. It can be concluded that palm kernel 85 + eucalyptus 15 can be used in diesel engine without any major modifications to the engine.
